The development of Direct Optimized Probabilistic Calculation method (DOProC) started in 2002. DOProC applications are processed in ProbCalc -this software is being improved all the time. It is rather easy to implement an analytical transformation model of the specific probabilistic application into ProbCalc. The reliability function under analysis can be expressed in ProbCalc analytically as a sign arithmetic expression or can be expressed using data from the dynamic library.
INTRODUCTION
When developing DOProC, it became clear that a software package would be essential that would be able to define generally any mathematical calculation of the probabilistic calculation. The result of such efforts is the ProbCalc which is still being developed. This software package consists of three separate calculation modules that were introduced first in [1] . The software was also presented at [2, 3, 4 There is also HistAn [5] -a software tool that analyses the input histograms of random quantities in detail. Basic material operations can be carried out with the histograms in calculations. For instance, in case of a combined load, the histograms of the individual types of load will be summed up. HistOp [6] is another software application. In this software, it is possible to carry out basic arithmetic operations with histograms.
In standard practice, even more complicated operations should be carried out with the histograms. Such operations depend on definition of a calculation model. In fact, calculation procedures are still the same. It is only necessary to develop an efficient computation tool so that the user could describe even more complicated models, for instance, by using a text. For those reasons, [7] (Fig.1) has been under development since 2004. It includes all options from the previous applications and can be used for the probabilistic calculation of mathematical models. If the objective of the probabilistic calculation is assessment of reliability of a structure, ProbCalc can calculate the failure probability based on the probabilistic function RF and can also make the necessary assessment in line with standards and regulations in force ( Fig.2.a) . Interesting features of ProbCalc include a 3D view of the analyzed reliability function RF (Fig.3) where the probabilistic task can be investigated in detail.
The reliability function can be expressed in ProbCalc analytically as a sign arithmetic expression (using the so-called calculator) or can be expressed using data from the dynamic library (the file with DLL extension) where the library can be created in any programming language (for instance, in Delphi, C++ or FORTRAN). The key advantage of using the dynamic libraries in ProbCalc probabilistic calculations is a possibility to define a mathematical model which should be limited only by capabilities of the software (in the "calculator" model, the mathematical model is limited by 30 text lines). This means, it is possible to include all software development procedures into the calculation model (logical decision-making processes or cycles). Or, numerical analysis algorithms can be used for the probabilistic calculation. In case of probabilistic calculations with a mathematical model which is defined in the calculator mode (this means, in a text mode), ProbCalc automatically generates a source text for a dynamic library in Delphi (Fig. 2.b) . After the file name is entered, the text can be loaded in the application, compiled into a machine code and attached to ProbCalc. This reduces the machine time needed for calculations approximately four times (the software does not need to transform definitions of the mathematical model from the text mode into machine code instructions). 
INPUT RANDOM VARIABLES
The input quantities used in the probabilistic calculation in ProbCalc can be expressed by means of histograms with a non-parametric (empirical) distribution which is divided in Fig. 4 for discrete quantities or in Fig. 5 for purely discrete quantities.
The variability of the input random variables can be expressed in probabilistic calculations by means of a histogram with a well-chosen parametric distribution of the probability which is possible 10.2478/v10160-010-0010-7
if there are few measured data only or in cases when the quantity cannot be measured, but is estimated only.
When creating the histograms in ProbCalc, the parametric probability distribution can be approximated using the technique set forth in Fig. 6 . The histograms can be built once the necessary parameters are entered. They include the required number of intervals (classes) and which is needed to limit the definition area for the probabilistic distribution of a continuous random quantity (see Fig. 6 ). This quantity corresponds to the probability in the place of truncation. This place is defined for the chosen type of the parametric distribution of the probability on the basis of an iteration calculation. The histogram of an approximated random quantity with the parametric distribution of probabilities can be created automatically in the ProbCalc software package if the user chooses Parametric Distribution as an option when entering the input quantity.
HistAn, HistOp and ProbCalc contain a module for entering and assessment of measured data. The software can read values saved in a text file and can create histograms with non-parametric 10.2478/v10160-010-0010-7 distribution of the probabilities. It is also possible to select there the number of intervals or histograms with parametric distribution of the probabilities. Twenty four different types of the parametric distribution of the probabilities are available. It is possible to choose the best one for the file of collected or measured data. A determination coefficient can be defined as a level of suitability for a probabilistic parametric distribution density curve.
Mostly independent random quantities are involved in the assessment of reliability of structures. Some input quantities can be, however, statistically dependent -for instances, the crosssection characteristics, strength or rigidity parameters of materials. The variable statistically dependant input quantities have been so far dealt with particularly in connection with the crosssection of rolled sections. In the DOProC calculation, they can be entered by means of independent quantities which are described, for instance, by histograms. The direct entry of the statistically dependant input quantities for the DOProC calculation is being developed now. 
OPTIMISING THE CALCULATION IN PROBCALC
The purpose of the DOProC optimizing techniques is to minimize the computing time since the algorithm is limited to a certain extent, in particular, for extensive applications where too many simulations exist. If the optimizing techniques are used in DOProC, the failure probability, , can be determined in a real time. On top of this, results are reliable and accurate enough even in relatively demanding probabilistic tasks.
The optimizing techniques include: a) Grouping of variable input quantities which eliminate the number of input variable histograms -if possible, the resulting histogram is determined on the basis of the required mathematical operation. Then, the histogram is used for the probabilistic calculation of the model. If the grouping (this means, the creation of joint histograms of the input quantities) is possible and reliable, it is a very efficient and reasonable optimizing technique which reduces dramatically the number of computational operations in the probabilistic calculation. This optimizing technique is used most frequently in calculations of the combined load (Fig. 9 ) or in a summary histogram which expresses impacts of wind loading by means of a "wind rosette". This feature can be turned on in individual ProbCalc modules in the table of input quantities. Before entering the group of the input quantities where the mathematical definition is other than a sum, the user can open the Groups folder in the ProbCalc desktop (this is, for instance, the case of a variable cross-section characteristics).
a) a table for entering individual load components b) a combined load histogram Fig. 9 : Calculating the combined load in ProbCalc b) Interval optimizing -the objective is to minimize the number of classes used in the input quantity histograms. This reduces the number of computation operations and minimizes the machine time needed for the probabilistic calculation. A mandatory condition for this optimizing technique is the maintaining of sufficient accuracy of the required results. For this optimizing technique it is essential to check the influence of such reduction onto the result. In each interval optimizing, impacts of individual input quantities on the result should be analyzed in terms of sensitivity. If the sensitivity of some quantities is lower (such as Fig.  10 .b.), it is generally possible to decrease the number of interval considerably more than for the quantities with a high sensitivity (Such as Fig. 10.a) . The permitted deviation from the accurate solution can be entered using . For instance, 0. 01 represents 1% deviation from the standard solution. The machine time needed for the interval optimizing (Fig. 11) is in an order of seconds.
a) a sensitivity analysis of a random quantity b) a sensitivity analysis of a random quantity with a high influence on the with a low influence on the failure probability p f failure probability p f Fig. 10 : The interval optimizing in ProbCalc Fig. 11 : ProbCalc desktop -the interval optimizing c) Zone optimizing -only intervals affecting a certain value, for instance the failure probability of a structure, , are involved in the calculation. In the zone analysis, each input quantity interval is divided into zones (see Fig. 12 ) which affects the failure probability, , for all possible values in other histograms:
• zone #1 -the intervals (the classes) in the input quantity histograms always affect the failure probability, . This means, they affect the failure probability irrespective of combinations of the intervals of the remaining input quantities (in ProbCalc, this histogram zone is marked in red).
• zone #2 -the intervals (the classes) in the input quantity histograms may affect the failure probability, p . This means, they affect the failure probability only for some combinations of the intervals of the remaining input quantities (in ProbCalc, this histogram zone is marked in yellow).
• zone #3 -the intervals (the classes) in the input quantity histograms never affect the failure probability, p . This means, this part of the histogram can be completely neglected when determining the failure probability, , (in ProbCalc, this histogram zone is marked in blue). From the point of view of the machine code, the knowledge of zones makes calculation of the failure probability, , more efficient The failure probability consists now of two components:
where ,1 is the sum of all probabilities in the zone #1 interval of the analyzed histogram. (If this zone exists, the probabilities for the zone #1 interval affect the failure probability, , in each case. ,2 is a section (where the failure may occur, but does not need to) for the affect the failure probability, in the interval within the zone #2 (the zone #3 do not affect the failure probability, ). d) Trend optimizing -the algorithm considers the suitable trend of the probabilistic calculation.
This optimizing technique starts automatically when the zone optimizing technique is chosen, if the Trend optimizing checkbox is checked in the Settings window in ProbCalc. In the context of the zone optimizing technique, the calculation is carried out only for the zone #2 intervals (yellow). If the trend is that the resulting positive value of the reliability function increases with changes in the random variable, it does not make any sense to introduce other computational combinations. For such a quantity, the reliability function cannot reach negative values and cannot influence the failure probability . This means, it is possible to eliminate computational combinations and to keep only those which are really needed. computational operations during the final assessment of the histograms of the quantities being the result of the computational model. In case of the probabilistic reliability assessment, this group is defined by the reliability function where the entered values are the calculated reliability of the structure, , and loading impacts, . In some cases, it is possible to enter directly the input quantity histogram into this group. (Such quantity can be the strength characteristic of the used material if the reliability assessment is done for the tension and the quantity is not involved in the computational model, or a limit deflection of the reliability assessment is based on the ultimate state of usability). f) Computation parallelization -the computation is carried out in several processors or core at the same time. In the basis algorithm of DOProC, the scope of the computational operations can be divided into several parts. The number of those parts is the same as the number o available computational units. After partial computations are carried out, the partial results are compiled to create the final histogram of the quantity, for instance the reliability function, RF, for the probabilistic assessment. A separate software application -ProbCalcDV -calculates the individual parts, while ProbCalc compiles them to create a whole. It is only necessary to check in the checkbox RUN -Roz in the main window if the calculation could be divided or RUN -Spo if the calculation should be compiled together. In both cases, it is necessary to carry out same working operations until the moment when the Run button is pressed and the calculation starts. This means, by that time, it is necessary to calculate the combinations, summary histograms or groups of the input quantities. In case of the interval optimizing or zone optimizing techniques, the calculations should be completed before the calculation is divided, while before the compiling the sections together, this is not necessary anymore (but does not matter, if still done). The computation parallelism process in ProbCalc has been tested so far in two-processor computers. 
CONCLUSION
DOProC appears to be a very efficient tool that results in the solution affected by a numerical error and by an error resulting from the approximation of the input and output quantities only. In case of the probabilistic assessment of the reliability of structures, DOProC expresses directly the failure probability, , which can be compared with the designed probability, d, defined in standards and regulations in force.
ProbCalc is DOProC-based software that can be widely used in probabilistic tasks occurring in the technical practice. If the optimizing techniques are used in DOProC, the failure probability, , can be determined in a real time. On top of this, results are reliable and accurate enough even in relatively demanding probabilistic tasks.
Where the failure probability, , is zero (the structure is excessively reliable) or equal to one (the input quantities in any combination result in a failure), DOProC estimates the result immediately and no probabilistic calculations are needed anymore.
A light version of ProbCalc can be downloaded at [8] .
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